DESCRI PTION I NI TIATOR TECHN CAL FI ELD The present invention relates to an
initiator to be enployed in, for exanple, an airbag apparatus or a
seatbelt pre-tensioner, either of which is to be furnished in a vehicle.
BACKGROUND ART One of various known types of initiators is constituted by a
pair of electrodes joined together via an insulator; a bridge wre
connected with these two el ectrodes and adapted to generate heat when
energi zed; and a capsule accommodating the bridge wire and an expl osive
abl e to detonat in response to heat generation of the bridge wire. This
type of Dﬁﬁqgltpg—r|Q£ di sclosed in, for exanple, Japanese Patent
Application Laid-Open (kokai) No. Hl 1-301402. In order to manufacture the
above-descri bed type of initiator conpactly, the individual conponents of
the initiator_nust be reduced in size, which results in a reduction in the
usabl e atNEMTEOR expl osi ve (the ampunt of explosive that can be charged in
the capsule). For this reason, conceivably, when the explosive is ignited
for detonation in such a downsized conventional structure, there arises a
fear that a desired |level of flanme propagation energy cannot be obtai ned
in an i nTER&HNIGAL EELBN. DI SCLOSURE OF THE I NVENTION 1 To sol ve the
above-nenti oned problens, the present invention rovides an initiator
conprising: a phe presendliscentinrtelatespiosan inifliater i be employed in, for

example, an airbag apparatus or a seatbelt pre-tensioner, either of which is

to be furnished in a vehicle.

BACKGROUND ART

One of various known types of initiators is constituted by a pair of
electrodes joined together via an insulator; a bridge wire connected with
these two electrodes and adapted to generate heat when energized; and a
capsule accommodating the bridge wire and an explosive able to detonate
in response to heat generation of the bridge wire. This type of initiator is
disclosed in, for example, Japanese Patent Application Laid-Open (kokal)
No. H11-301402.

In order to manufacture the above-described type of initiator
compactly, the individual components of the initiator must be reduced in size,
which results in a reduction in the usable amount of explosive (the amount
of explosive that can be charged in the capsule). For this reason,
conceivably, when the explosive is ignited for detonation in such a
downsized conventional structure, there arises a fear that a desired level of

flame propagation energy cannot be obtained in an intended direction.

DISCL.OSURE OF THE INVENTION



I nsul at or di sposed therebetween; a bridge wire connected between the pair
of electrodes and adapted to generate heat when energi zed; an expl osive

whi ch detonates in response to heat generation of the bridge wire; a

bott oned tubul ar capsul e acconmpdati ng the bridge wire and the expl osive;
br eakage i nduci ng neans for inducing breakage of a bottomwall of the
capsul e when the explosive is ignited for detonation, the breakage inducing
nmeans bei ng di sposed in a specific portion of the bottomwall of the
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and breakage restricting means for restricting progress of the breakage from

the specific portion toward a sidewall of the capsule, the breakage

restricting means being formed on the capsule.

In the initiator of the present invention, when the explosive is ignited

for detonation, breakage of the capsule can be concentrated in the vicinity

of the specific portion, so that flame propagation energy (pressure or

flamepower) generated by detonation of the explosive propagates inan

intended direction through the broken portion. Therefore, even if the

amount of the explosive charged in the capsule is small, an intended

magnitude of flame propagation energy can be attained in an intended

direction upon detonation of the explosive. Accordingly, it is possible to

reduce the size of the initiator while maintaining the function of the initiator.

Preferably, the breakage restricting means includes strength

increasing means for increasing the strength of the bottom wall gradually

from the specific portion toward the sidewall. The strength increasing

means may includes a variation in thickness of the bottom wall such that the

thickness increases gradually from the specific portion toward the sidewall.



The bottomwall has a protrusion projecting outward fromthe bottom wal |
and having a corner portion of substantially right angle. The protrusion
may be offset froma center of the bottomwall of the capsule. Further, the
strength increasing nmeans may include a plurality of recesses formed in
the bottomwall in a varying density decreasing gradually fromthe
specific portion toward the sidewall; or a plurality of discrete grooves
formed in the bottomwall and arranged between the specific portion and
the sidewal |. The grooves rrakl be annul ar grooves arranged . concentrically
around t hbedpdtan wallbhas agrotrasion projecting outwasd Jtama dbe hottost E’é@i ng neans
may include a continuous non-linear groove extending fromthe specific
portion aoddayintha csraenpertion ofruhsépntialndgiirangles h 1be RIREUSIBbve may be
decreased gradually fromthe specific portion toward the sidewall.
Accor di ngnayobe leffset froat acepter ofdhehattomwal ekhegapside.br eakage of the
bottomwal | of the capsule fromthe specific portion toward the sidewall
of the capsul eFughehdhesstenath intreasingongansmanhincludea pluradifgph of t he
bottomwal | of the capsule can be gradually increased fromthe specific
portion renessestfoemeddetie bottbm wall daaswaryingdensity degreapingngragually si npl e
construction. In the case of the bottomwall has a protrusion projecting
outward fronpthe bpedific poniowmtdwarddbeusidewaliner apdradity dbodiseredegy gener at ed
by detonation of the explosive can be guided to the end wall portion of

the prograwmiesfortied intbeibotiden efalitdred framgedhmtwgenitbe speeifigy in an
I ntended direction can be increased. In the case of the protrusion is

3}‘ 1; th i Lﬁogf;cm an@nhesidgwadlhe Tioe gevowes nayfba hanokap guoeves arangednded
concentrically around the specific portion.

Still further, the strength increasing means may include a continuous
non-linear groove extending from the specific portion toward the sidewall.
The depth and/or width of the groove may be decreased gradually from the
specific portion toward the sidewall.

According to there preferable feature, progress of the breakage of
the bottom wall of the capsule from the specific portion toward the sidewall
of the capsule can be restricted reliably. Further, the strength of the
bottom wall of the capsule can be gradually increased from the specific
portion toward the sidewall of the capsule through employment of a simple
construction.

In the case of the bottom wall has a protrusion projecting outward
from the bottom wall, because flame propagation energy generated by
detonation of the explosive can be guided to the end wall portion of the
protrusion, the magnitude of the flame propagation energy in an intended
direction can be increased. In the case of the protrusion is offset from a
center of the bottom wall of the capsule, the intended direction of

propagation of the breakage can be adjusted by adjusting the offset



propagati on of the breakage can be adjusted by adjusting the offset

di stance. Wen the present invention is practiced, the breakage
restricting nmeans includes a | ayered structure of the capsule such that the
nunber of |ayers at the specific portion is smaller than that at the

remai ning portions. By virtue of this feature, the strength of the bottom
wall of the capsule can be varied reliably fromthe specific portion
toward the sidewall of the capsule by changing the nunber of |ayers, and
hence an. intended strength can be obtained properly. Preferably, the
specifidmﬁﬁVFﬁon Is a center of the bottomwall of the capsule. By virtue
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obtained properly.

Preferably, the specific portion is a center of the bottom wall of the

capsule. By virtue of this feature, flame propagation energy can be

propagated while being concentrated in a direction corresponding to the

center of the bottom wall in the capsule. Preferably, the breakage inducing

means includes a recess formed in the specific portion of the bottom wall of

the capsule. By virtue of this feature, the breakage inducing means can be

achieved through employment of a simple construction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing an inflator for an airbag
apparatus to be mounted in a vehicle in which inflator an initiator according
to an embodiment of the present invention is employed;

FIG. 2 is an enlarged cross-sectional view of a main portion of the
initiator of FIG. 1;

FIG. 3 is an enlarged cross-sectional view of a main portion of an
inner capsule alone, which is shown FIGS. 1 and 2;

FIG. 4 is a schematic cross-sectional view of a first modification of

the inner capsule of FIG. 3;



FIG 4 is a schematic cross-sectional view of a first nodification of the
I nner capsule of FIG 3; FIG 5 is a schematic cross-sectional view of a
second nodi fication of the inner capsule of FIG 3; FIG 6 is a schematic
cross-sectional viewof a third nodification of the inner capsule of FIG
3; FIG 7 is a bottomplan view of the inner capsule of FIG 6; FIG 8 is
explanatory view illustrating transitional stages of breakage of the inner
capsule of FIGS. 6 and 7; and FIG 9 is a schematic cross-sectional view of
a fourth nodification of the inner capsule of FJG 3. (Ii%EST h/DDE FOR
CARRYI NG OUT TEES SNaERmschRmHicoiosarsrotionat vieweota 86eADd MREHERYN wi | 1 now

be described with the drawings. FIG 1 shows an inflator 10 for an airbag
appar at usf the inwer eapsuledol MG Jiehicle, the inflator 10 incorporating an
initiator 20 according to the present invention, The inflator 10 of the
present enbodi kAt 6 is acchematic erassrapctionahvwew of a ikigmoditicationpf ng 1id 12
nmounted in an airtight manner in the casing 11. The casing 11 has a gas

st orage the trinem capsubg of RIGW3;ch a hi gh-pressure gas is encl osed, and an
attachnment portion 11 b, to which the initiator 20 is attached. Wile in
an unbroken st El@, 7tis1a ptton gdan niew ofitheinner vapsule ol & a

hi gh-pressure gas in the storage portion 1lla of the casing 11. Notably,
when the gas sE#Gi 8ds kexplahaforysviewdlestratingntransitional stages afhreakage at or 20,
the high-pressure gas spurts out of the gas storage portion 11 a of the
casi ng 1&f the inner capsule of FIGS. 6 and 7; and '

FIG. 9 is a schematic cross-sectional view of a fourth modification of

the inner capsule of FIG. 3.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will now be described with
the drawings. FIG. 1 shows an inflator 10 for an airbag apparatus to be
mounted in a vehicle, the inflator 10 incorporating an initiator 20 according
to the present invention. The inflator 10 of the present embodiment
includes a casing 11 and a breakable gas sealing lid 12 mounted in an
airtight manner in the casing 11. The casing 11 has a gas storage portion
11a, in which a high-pressure gas is enclosed, and an attachment portion
11b, to which the initiator 20 is attached.

While in an unbroken state, the gas sealing lid 12 serves to reserve
a high-pressure gas in the storage portion 11a of the casing 11. Notably,
when the gas sealing fid 12 is broken upon detonation of the initiator 20, the
high-pressure gas spurts out of the gas storage portion 11a of the casing 11
toward an airbag {not shown) via an outflow opening 11b1 formed in the
attachment portion 11b.

Meanwhile, the initiator 20 includes a plurality of components shown,



toward an airbag (not shown) via an outfl ow opening 11 bi forned in the
attachnment portion 11 b. Meanwhile, the initiator 20 includes a plurality
of conponents shown, 5 on an enlarged scale, in FIG 2; e.g., a pair of

el ectrode pins 21 a and 21 b, a conductive header 22, an insulator 23, a
bridge wire 24, an explosive (gunpowder) 25, capsules 26a, 26b, and 26c,
and a resin nold 27. Auxiliary conponents; e.g., a netallic holder 28 and a
resin holder 29 are wused to nmount the initiator 20 in the inflator 10 as
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attached to the conductive header 22 via the insulator 23.  The conductive

header 22 is formed of a conductive metal and has a cylindrical tube that

has a hole 22a along its center axis, and an annular stepped portion 22b on

its circumference.

The insulator 23 assumes the form of a cylindrical tube having an

axial insertion hole 23a in which the second electrode pin 21b is tightly fitted,

whereby the second electrode pin 21b is fixedly secured to the insulator 23

concentrically therewith. The insulator 23, which is made of heat- and

pressure-resistant glass, is tightly fitted in the hole 22a of the conductive

header 22 so as to be secured to the conductive header 22 concentrically

therewith.

The bridge wire 24 is connected between the second electrode pin

21b and the conductive header 22; i.e., the bridge wire 24 is connected

directly to the second electrode pin 21b, and indirectly to the first electrode

pin 21a via the conductive header 22. When energized via the first and

second electrode pins 21a and 21b, the bridge wire 24 generates heat to

thereby cause the explosive 25 to detonate. The explosive 25, together

with the bridge wire 24, is accommodated in a leak-proof state within the



directly to the second electrode pin 21 b, and indirectly to the first
electrode pin 21 a via the conductive header 22. \Wen energized via the
first and second electrode pins 21 a and 21 b, the bridge wire 24
generates heat to thereby cause the explosive 25 to detonate. The

expl osive 25, together wth the bridge wire 24, is accommpdated in a

| eak- proof state within the 6 inner capsule 26a, and the expl osive 25 cones
in partial contact with the bridge wire 24. The inner capsule 26a is
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expl osi ve 25. The open end of the inner capsule 26a is fitted to the
ci rcunf ¥ WHE 3%e conductive header 22 and fixedly joined therewith in

an airtight state by wel di ng. or. ot her nsg.. As_sho n enl arged scal e
in FIG 3, thJ%WﬁcﬂBPPE’Z%%&' rmﬁﬁﬂﬁ'"ﬂﬁ%ﬂﬁﬁ@eﬁgﬂd?‘%ﬁ%rmd so as
to have a cylindrical protrusion whic¢h projects out d, .fr bottom
wal | ZG@MGM@QWahﬁgaHeé%ﬁHBrsrlﬂPregi"H?PEt# g%ﬁ%‘ﬁﬂﬁbﬁﬂ a b?%%ﬁ’é}ﬁ%ngl e.
Further, as shown in FIG 3, a sidewall (peripheral wall) 26a2 of the

i nner capan @ewt'ﬁﬁs‘)fam?rﬁx@m\é%gw a-tll he SE?"ﬁﬁﬁt%ﬁhﬁdW%%‘r’P%ﬁm%he bot t om
wal | 26al, which portion is contigfjous wi th the Si&&,ﬁ#l %g,az,dlhas a
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portion extends (downward in FIG 3) fromthe first bottgmportion so as
to for mjaineskinesewithiin anl airtightstalg thf welding o5 othes W?nﬁas%‘as WRness t 2;
and a third wall portion of the bottomwall 26al, which Iporti?n fornms an

2
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t hi cknesses are determ ned . . . .
26a is formed so as to have a cylindrical protrusion which projects outward

from the bottom wall 26a1 and which has a corner portion of substantially
right angle.

Further, as shown in FIG. 3, a sidewall (peripheral wall) 26a2 of the
inner capsule 26a has a thickness t4; a first bottom portion of the bottom
wall 26a1, which portion is continuous with the sidewall 26a2, has a
thickness t3; a second bottom portion of the bottom wall 26a1, which portion
extends (downward in FIG. 3) from the first bottom portion so as to form a
peripheral wall portion of the protrusion, has a thickness 12; and a third wall
portion of the bottom wall 26a1, which portion forms an end wall portion of
the protrusion, has a thickness t1. These four thicknesses are determined
so as to satisfy a relation t4>t3>t2>t1. By virtue of this geometry, when the
explosive 25 is ignited for detonation, breakage of the inner capsule 26a
instantaneously starts from the end wall portion of the protrusion of the
bottom wall 26a1. In order that this breakage takes place reliably, a recess
A (see an imaginary line in FIG. 3) which serves to induce breakage of the
inner capsule 26a may be formed in a central portion of the end wall portion

on an outer side thereof; and a notch (incision) B (see an imaginary line in



so as to satisfy a relation t4>t3>t2>t1. By virtue of this geonetry, when
the explosive 25 is ignited for detonation, breakage of the inner capsule
26a instantaneously starts fromthe end wall portion of the protrusion of
the bottomwall 26al. In order that this breakage takes place reliably, a
recess A (see an imaginary line in FIG 3) which serves to induce breakage
of the inner capsule 26a may be formed in a central portion of the end
wal | portion on an outer side thereof; and a notch (incision) B (see an
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in order to
outer capsule 26c¢ is an insulator cap formed of a thin resin sheet and has a

bottomed tubular shape. The outer capsule 26c is fixedly fitted to the
circumference of the intermediate capsule 26b. The resin moid 27 is
formed to integrally join the individual components; e.g., the first and second
electrode pins 21a and 21b, the conductive header 22, the insulator 23, and
the capsules 26a, 26b, and 26¢.

The metallic holder 28 is formed of a metal sheet and, cooperates
with the resin holder 29 to hold the initiator 20 of FIG. 2 in the manner
shown in FIG. 1. The resin holder 29 is formed through molding in order to
cover the initiator 20 assembled to the metallic holder 28. As shown in FIG.
1, the resin holder 29 is assembled to the casing 11 together with the
metallic holder 28.

In the thus-constructed initiator 20 of the present embodiment, the
bottom wall 26a1 of the inner capsule 26a is formed so as to have a
protrusion projecting therefrom; the thickness of the end wall portion of the
protrusion is determined such that the end wall portion is the thinnest among
the wall portions of the inner capsule 26a; and the thicknesses of the wall

portions are set so as to increase gradually from the end wall portion of the



cover the initiator 20 assenbled to the netallic holder 28. As shown in
FIG 1, the resin holder 29 is assenbled to the casing 11 together with
the netallic holder 28. In the thus-constructed initiator 20 of the
present enbodi nent, the bottomwall 26al of the inner capsule 26a is
formed so as to have a protrusion projecting therefrom the thickness of
the end wall portion of the protrusion is determ ned such that the end
wal | portion is the thinnest anong the wall portions of the inner capsule
26a; and the thicknesses of the wall portions are set so as to increase

gr adual | y proisusiondowadd whae Isigsowall @6ast ot the inpeocapsilerkG@awal betaferesi de wal |
26a2 of the inner capsule 26a. Therefore, when the explosive 25 is ignited
for det onathemthebexpipatye 25 is ignitedder deteratione breakagsmobthecimeent rat ed in
the vicinity of the end wall portion of the protrusion, and flang

propagat i capsuker 8§a cpndsscorcentratedringbesiginityefireaend wall pertionaef ihe of t he
expl osi ve 25 propagates in an intended direction (leftward; i.e., toward
the gas seabirngionj dndflame prapadatiorrenergy (pressuresy flamepowes) propagat i on
energy generated by detonation of the explosive 25 can be guided to the
end wal | generateddy tetonatioot ofithecexpidsive 25 propagatesin an ddendetde nagni t ude
of the flanme propagation energy in the above-described intended direction
can be i ndliregsiod.(lebtward; i.eurtblvard thégasrgeadingdidat 2 imRdGod).er capsul es 26b
and 26c¢c are placed over the inner capsule 26a to constitute a capsule

assenbl y havi ng Furtreyebecauss thecflame propagatian emergygendeatedtbyengt h can be
attained reliably at a bottom wall portion extending froma broken portion

of the capietbratansentieexplosive 25cdavim juidedrtedhe efitewefl postiopodthess of

t he breakage fromthe broken
protrusion of the inner capsule 26a, the magnitude of the flame propagation
energy in the above-described intended direction can be increased. Still
further, the intermediate and outer capsules 26b and 26¢ are placed over
the inner capsuie 26a to constitute a capsule assembly having a layered
structure such that an intended strength can be attained reliably at a bottom
wall portion extending from a broken portion of the capsule assembly to the
sidewall thereof. Therefore, progress of the breakage from the broken
portion toward the sidewall of the capsule assembly can be restricted
reliably.

Consequently, in the initiator 20 of the present embodiment, even if
the amount of the explosive 25 charged in the inner capsule 26a is small, an
intended magnitude of flame propagation energy can be attained in an
intended direction upon detonation of the explosive 25. Accordingly, the
initiator 20 can be assembled compactly while maintaining the proper
function (i.e., the function of breaking the gas sealing lid 12 in the inflator
10) of the initiator 20.

in the above-described embodiment, as shown in FIGS. 1 to 3, the

bottom wall 26a1 of the inner capsule 26a of the initiator 20 has a protrusion



portion toward the sidewall of the capsule assenbly can be restricted
reliably. Consequently, in the initiator 20 of the present enbodi nent, even
if the anount of the explosive 25 charged in the inner capsule 26a is
small, an intended magni tude of flane propagation energy can be attained
in an intended direction upon detonation of the explosive 25. Accordingly,
the initiator 20 can be assenbl ed conpactly while maintaining the proper
function (i.e., the function of breaking the gas sealing lid 12 in the
inflator 10) of the initiator 20. In the above-descri bed enbodi nent, as
shown i n Prascting fions the gentesafithmboitam xerh 2621+ nEHowayer, 88psul e 26a of
the initiator 20 has a protrusion 9 projecting fromthe center of the

bot t om wasFheswticallyabown inddG. & tbawrpblsion BRIRGINafremdhedotiom
protrusion projecting fromthe bottom wall 26al of the inner capsule 26a
may be of wadk26abpbthe bner sepsules2eadeay begifsaia pedeternyned tisiaghteom wal |
26al. In this first nodification, the sidewall 26a2 of the inner capsule
26a has afrom theeentarnf the hiottom wealh 26kt | BnthigfirstHeodidicetipnwdle 26a1,

whi ch portion is continuous with the sidewall 26a2, has_a thickness t3; a
second- walsidgyealt 26a2 of theinnritcapsuleRbaltmsia thigkaess Hora figsh wall padion
(downward in FIG 4) fromthe bottomwall 26al so as to forma geripheral
wal | port iobthebottom wabt2aad, svhich portion is eantinuouswithtbe sidewalt 86ag) |
portion of the bottomwall 26al, which portion forns an end wall portion
of the pr diaswesthicknéssst3a at$aatndewall portiamef the battotrrhweak 28ade whick

determ ned so as to satisfy a relation t4>t3>t2>t1. Therefore, in the first
modi f i cat ipontion estesatse(dopenveardan Elfd 4)fsamttbedwotiaom wadl 261 s0RSWr i bed

form a peripheral wall portion of the protrusion, has a thickness 12; and a
third wall portion of the bottom wall 26a1, which portion forms an end wall
portion of the protrusion, has a thickness t1. These four thicknesses are
determined so as to satisfy a relation t4>t32t2>t1. Therefore, in the first
modification, the same operation and results as in the above-described
embodiment can be expected, and the direction (i.e., the intended direction)
of propagation of the flame propagation energy can be adjusted by
adjustably setting the above-described offset distance.

Further, in the above-described embodiment, as shown in FIGS. 1 to
3, the bottom wall 26a1 of the inner capsule 26a in the initiator 20 has a
protrusion projecting from the center of the bottom wall 26a1 so that
breakage of the inner capsule 26a is induced (i.e., initiated) at the central
portion of the bottom wall 26a1 upon detonation of the explosive 25 and that
progress of the breakage from the central portion toward the sidewall 26a2
is restricted. However, the initiator 20 may be constructed according to a
second, a third, or a fourth modification as schematically shown in FIG. 5,
FIGS. 6 to 8, or FIG. 9, respectively.

In the second modification of FIG. 5, a large-size recess A1l serving

10



enbodi nent can be expected, and the direction (i.e., the intended
direction) of propagation of the flanme propagati on energy can be adjusted
by adjustably setting the above-described offset distance. Further, in the
above-descri bed enbodi nent, as shown in FIGS. 1 to 3, the bottomwall 26al
of the inner capsule 26a in the initiator 20 has a protrusion projecting
fromthe center of the bottomwall 26al so that breakage of the inner
capsule 26a is induced (i.e., initiated) at the central portion of the
bottomwal | 26al upon detonation of the explosive 25 and that grogress of

t he br eakdgénducerbreakageisrfarmedriniaoeenisalpertionofshadpdiom wedb26at of
restricted. However, the initiator 20 nmay be constructed according to a
second, a thaiinmer capsulé @fe;, andol plurabityi ofrsmall-sigecraaessas A2 arbiaimad FI G 5,
FIGS. 6 to 8, or FIG 9, respectively. In the second nodification of FIG
5, a | ar gdnshe dottece vallR6akinva vgrliogtdensiyuiacreasiagayaduslly omihe n a
central portion of the bottomwall 26al of the inner capsule 26a, and a
pl ural ity centsaploirtion péthebettorswall 26ad towarddheiperipheraloperienihereafeal in
a varying density decreasing gradually fromthe central portion of the
bot t om wal(i.e26he sidewald 26be gféhée pheerntapsuleidéa)t hém 8y prgsenrd. , the si dewal |
26a2 of the inner capsule 26a). In the present nodification, because the
pl ural ity mbdiicatibrsbecauscthesplsiraity afsnial-sizé recessés AZvarecfotmes inbed
distribution, the strength increases gradually fromthe central portion of
t he bot t ortheedbovaeaésdribeat distriteutioer, ithé streingtivindreases graduallyl fromHaet hi r d
nmodi fication shown in FIGS. 6 to 8, a recess A serving to induce breakage
i s forned denteal poricalof pes bottoroivatl 26 aotowardvtak | pe2iphieral perion tharrof.
capsul e 26a, and a plurality of concentric annular grooves (hereinafter
In the third modification shown in FIGS. 6 to 8, a recess A serving to

induce breakage is formed in a central portion of the bottom wall 26a1 of the

inner capsule 26a, and a plurality of concentric annular grooves (hereinafter

also called outer and inner annular grooves) S1 and S2 are formed around

the recess A. The outer annular groove S1 has a width w1 and a depth d1.

Meanwhile, the inner annular groove S2 has a width w2 (w2>w1) and a

depth d2 (d2>d1). By virtue of this geometry, in the present modification

as well, the strength increases gradually from the central portion of the

bottom wall 26a1 toward the peripheral portion thereof. Consequently, in

the present modification, as shown in FIG. 8, the bottom wall 26a1 of the

inner capsule 26a is broken gradually from the central portion of the bottom

wall 26a1 toward the sidewall 26a2 of the inner capsule 26a in response to

detonation of the explosive 25.

{n the fourth modification of FIG. 9, a recess A serving to induce

breakage is formed in a centra! portion of the bottom wall 26a1 of the inner

capsule 26a, and a spiral groove S is formed in the bottom wall 26a1 around

the recess A. In the present modification, the spiral groove S gradually

decreases in both width and depth from the central portion of the bottom
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al so called outer and inner annular grooves) S1 and S2 are forned around
the recess A The outer annular groove S1 has a wwdth wi and a depth dl.
Meanwhi | e, the inner annular groove S2 has a width w2 (w2>wl) and a depth
d2 (d2>d1). By virtue of this geonetry, in the present nodification as
wel |, the strength increases gradually fromthe central portion of the
bottomwall 26al toward the peripheral portion thereof. Consequently, in
the present nodification, as shown in FIG 8, the bottomwall 26al of the

i nner capsul e 26a.is broken gradually.fromthe central portion of the

bot t om 3/&‘1’4‘“ a6all towaed the HEHEF}EQ&%‘% QGFSP?PHa fhﬁ{EF‘Pf a ?tég% in
response to detonati,on of the explosjve 25. In the fourt i,fication of
FIG 9, aingieasesgradealiygom the,gaeka B?%Qﬁﬁéﬂﬁ§qm*rﬁg§96%W?Fi|
ortion of the bottomwall 26al of the inner apsul e 26 and a spiral

gr oove S itBefRﬁ*mrﬁhp?'ﬁ'@“ﬁgﬁf% f&n t%ﬁbog?ﬁfﬁﬁr'%?ﬁeemsgg%e%am t he
present nodification, the spiral groove S gradually decreases in both

wi dt h and aegifisaiiPBs t he central portion of the bottom 11 wall 26al toward
t he peripheral portion thereof_and, therefore, the st rena{ theoi ncreases
gradually from tihdhe&haverdessriheshembodiaenbthe Mitialar 2581 theoRkEseNt: he
peri pheral portion thereof, as in_the above-described enbodi nrent and

modi f i cat iioventiomis e@pierRbinghecnflatel KhpOERTSIOr UsRdNia 83e8r 20 of the
present invention is enployed in the inflator 10 ich.is for Uﬁ_F in an
airbag apaRpaatus tobesewniedda a vehicleand Ixeguipre ‘@@?Jit PEASWS h' t he
casing 11 and the gas sealing lid 12. Al teénat_i,vel Y, i_lhe ini t{' ator of the
present |&vkie gas sepling ||é’n’;ﬁq-oyéﬂemﬁta’ﬁﬁf-ﬁ ¢ Iniigtord}f thamresent (e g., an

i nflator . :
invention may be employed in another type of inflator {e.g., an inflator
equipped with a casing containing a gas generating agent which generates
gas upon combustion) or another type of apparatus (e.g., a seatbelt
pre-tensioner). In addition, in carrying out the present invention, two or
more of the features of the above-described embodiment and modifications

may be combined.
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equi pped with a casing containing a gas generating agent which generates
gas upon conbustion) or another type of apparatus (e.g., a seatbelt
pre-tensioner). In addition, in carrying out the present invention, two or
nore of the features of the above-described enbodi mrent and nodifications
may be conbined. 12 CL Al MS 1. An initiator conprising: a pair of

el ectrodes di sposed with an insul ator di sposed therebetween; a bridge wire
connected between the pair of electrodes and adapted to generate heat when
energi zeg;L AN M| osi ve which detonates in response to heat generation of
the bridge wire; a bottoned tubular capsule acconmodating the bridge wire
and the expl ogi VAj iRitiaddedsmphisingt ng means for inducing breakage of a
bottomwall of the capsule en the explosive is ignited for detonation,

the breakage épéw%f%m 8ikpbsediwiflPag insulatrafisadedc portion of the
bottom wal | of capsul e; and breakage restricting means for restricting

progr esghafediveneakage fromthe specific portion toward a sidewal | of
the capsule, the breakage restricting means being formed on the capsul e.

ﬁeaﬁg : m:lt Lgtegé gflggﬁrvﬂré%ﬁﬁe@ba'U’étweemﬁbq;sdir bhelebiroakagmd adsitetct i ng
gth increasing neans for increasing a

to generate heat when energized,

an explosive which detonates in response to heat generation of the
bridge wire;

a bottomed tubular capsule accommodating the bridge wire and the
explosive;

breakage inducing means for inducing breakage of a bottom wall of
the capsule when the explosive is ignited for detonation, the breakage
inducing means being disposed in a specific portion of the bottom wall of the
capsule; and

breakage restricting means for restricting progress of the breakage

from the specific portion toward a sidewall of the capsule, the breakage

restricting means being formed on the capsule.

2. An initiator according to claim 1, wherein the breakage
restricting means includes strength increasing means for increasing a
strength of the bottom wall gradually from the specific portion to.ward the

sidewall.

3. An initiator according to claim 2, wherein the strength increasing
means includes a variation in thickness of the bottom wall such that the

thickness increases gradually from the specific portion toward the sidewall.
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strength of the bottomwail gradually fromthe specific portion toward the
sidewall. 3. An initiator according to claim?2, wherein the strength

i ncreasing neans includes a variation in thickness of the bottomwall such
that the thickness increases gradually fromthe specific portion toward
the sidewall. 13 4. An initiator according to claim2 or 3, wherein the
bottomwall has a protrusion projecting outward fromthe bottomwall and
having a corner portion of substantially right angle. 5. An initiator
according to claim4, wherein the protrusion is offset froma center of
the bottomwall of the capsule. 6. An initiator according to claim 2,

Fe et e ot B inliEthr agcdling T BRimaE bt 8 Rnardih 4h8 bidkibn® Wl =55 25

formed in the nsrt ecreasing gradually from

t he specflc tion lihe botfdin| rding to
claim 2 Fgmiruﬂ?@ éfo\ri\%#ﬂ]igﬁwgrngn&herpeoans Wr%‘! é@ﬂa\’% {tljr ality of
discrete rooves for d LN and arranged between the

speci fi c© el (9#%8 ngqn&lgﬁﬁﬁ“ g% g | nitiator according to claim?7,
wherein the grooves are annular grooves arranged concentrically around the
specific portion. 9. An initiator according to claim2, wherein the

ot endi ng. 1 onge &%wﬁ%?$?eé9%bf€se&%@6°”¢ PSRRI R AR, o
accordi nggto claim7, 8 .or #Qﬁ% the roove or grooves decrease in

depth grt Uh?l%?nf‘?ro?iﬁmﬁeb%| %ward the sidewall.

6. An initiator according to claim 2, wherein the strength increasing
means includes a plurality of recesses formed in the bottom wall in a varying

density decreasing gradually from the specific portion toward the sidewall.

7. An initiator according to claim 2, wherein the strength increasing
means includes a plurality of discrete grooves formed in the bottom wall and

arranged between the specific portion and the sidewalll.

8. An initiator according to claim 7, wherein the grooves are

annular grooves arranged concentrically around the specific portion.

9. An initiator according to claim 2, wherein the strength increasing
means includes a continuous non-linear groove extending from }he specific

portion toward the sidewall.

10. An initiator according to claim 7, 8 or 9, wherein the groove or
grooves decrease in depth gradually from the specific portion toward the

sidewall.
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14 11. An initiator according to claim7, 8 9 or 10, wherein the groove

or grooves decrease in width gradually fromthe specific portion toward the
sidewall. 12. An initiator according to claim1, wherein the breakage
restricting neans includes a |ayered structure of the capsule such. that
the nunber of |ayers of the capsule at the specific portion is smaller
than that at the remaining portions. 13. An initiator according to any one
of clainms 1 to 12, wherein the specific portion is a center of the bottom
wal | of the capsule. 14. An initiator according to any one of clains 1 to
13, wherein the breakage inducing neans includes a recess forned in the

specific portipn ofn hetBPLLCSPNR fo Qhirh ¥ &€ 851 &-wHerein the groove
or grooves decrease in width graduatly from the specific portion toward the

sidewall.

12. An initiator according to claim 1, wherein the breakage
restricting means includes a layered structure of the capsule such-that the
number of layers of the capsule at the specific portion is smaller than that at

the remaining portions.

13. An initiator according to any one of claims 1 to 12, wherein the

specific portion is a center of the bottom wall of the capsule.

14. An initiator according to any one of claims 1 to 13, wherein the
breakage inducing means includes a recess formed in the specific portion of

the bottom wall of the capsule.
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